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Experiment Lesson 16 


OBJECT 

To study the behavior of alternating- 
current circuits containing resistance, in¬ 
ductance, and capacitance connected in 
series and in parallel. 

PREPARATION 

In order to get the most out of these 
experiments, read Theory Lesson 16 on 
alternating current circuits thoroughly. Be 
sure that you understand all the material 
in that lesson before you do these important 
experiments. 


EQUIPMENT NEEDED 

Capacitor board prepared in Lesson 15 

Receiver chassis 

Multimeter 

A-C line cord and plug 
One 1,000-ohm 5-watt resistor 
One 1,000-ohm 2-watt resistor 
One 100-ohm 1/2-watt resistor 
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Caution: In these experiments, the volt¬ 
age across the inductor or the voltage across 
the capacitors may rise to several tines the 
line voltage. The capacitors may become 
highly charged. After performing each step 
of the experiment, always disconnect the 
a-c line and discharge the capacitors before 
making any changes in the circuit. 

Also, to protect your meter, get into the 
habit of always returning the RANGE switch 
on the meter to the highest scale after each 
measurement. Then turn the RANGE switch 
to a lower range, if necessary, for the next 
measurement. It may take a little ionger, but 
it’s better than burning out your meter. Your 
meter is one of the most valuable pieces of 
test equipment that you have. Learn to pro¬ 
tect if. 

EXPERIMENT 16-1 


down on wooden blocks and place the capac¬ 
itor board along side of it. Unless you have 
made some wiring changes since the last 
experiment you performed in Lesson 15, 
chassis and board should be in condition 
shown in Fig. 16—1. 

Step 2. In Fig. 16-1, the lead from lug 
4 on the capacitor board is connected to the 
0.25-Aif capacitor. Disconnect it from the 
capacitor and connect it to lug 1 of the 
choke terminal strip on the receiver chassis. 
Solder this connection. 

Step 3. Connect and solder the right side 
of all the capacitors together with a piece 
of bare wire, as shown in Fig. 16-2. 

Step 4. Remove the 10,000-ohm resistor 
from lugs 3 and 4. In its place, connect and 
solder the 1,000-ohm 5-watt resistor. 



Fig. 16-2 
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Fig. 16-3 

Step 5. With your clip lead, connect lug 2 
of the choke terminal strip and the free end 
of a 0.05-juf capacitor, as shown in the figure. 

Step 6. Solder the leads from the lugs 
of the line-cord terminal strip on the re¬ 
ceiver chassis (shown hanging free in Fig. 
16-1) to lugs 1 and 2 on the capacitor board. 
You now have a circuit with resistance, in¬ 
ductance, and capacitance in series as 
shown in Fig. 16-3. 

Step 7. Check your wiring with Fig. 16—2; 
then plug the line cord into an a-c outlet. 

Step 8. Using the a-c ranges of your multi¬ 
meter, measure the voltage across the line 
(at the line-cord terminal strip), the voltage 
across the resistor, the voltage across the 
inductor (at the choke terminal strip), the 
voltage across the 0.05-^ capacitor, and the 
voltage across both the inductor and capac¬ 
itor. Record these voltages on line 1 of 
Table A. The current reading called for in 
the last column of Table A may be found by 
taking the voltage across the resistor and 
dividing it by the value of resistance. Since 
the resistance equals 1,000 ohms, the current 
in milliamperes has the same numerical value 
as the voltage across the resistor. So -just 
copy this value for / LIN£ . 

Step 9. Remove the line cord from the 
outlet. Discharge the capacitor. 

Step 10. Remove the alligator clip from the 
0.05-/if capacitor and connect it to one of 
the 0.1-^f capacitors. 

Step 11. Plug the line cord into the a-c 
outlet and measure and record E R , E L , E c , 
and /? LC on line 2 of Table A. Be sure to 
fill in the I LINE column. 

Step 12. Remove the line cord from the 
outlet and discharge the capacitor. 


Fig. 16-4 

Step 13. Conneqt a short insulated jumper 
from the 0.1-gif capacitor to the 0.05-/xf ca¬ 
pacitor to obtain a total capacity of 0.15-gtf, 
as shown in Fig. 16-4. Repeat Step 11, 
entering your readings on line 3 of Table A. 

Step 14. Repeat Step 12. 

Step 15. Follow the instructions in the 
first column of Table A, moving the alligator 
clip and adding capacity in parallel with 
short jumpers to get the total capacity called 
for in each line of the table, starting with 
line 4. After obtaining each total capacity 
value called for in the table, measure and 
record the voltages and current in the table, 
as before, up to line 13. 

Caution: Be sure that all circuit changes 
are made with the line cord disconnected 
from the a-c outlet and with the capacitors 
discharged. When the combination of induc¬ 
tor and capacitor nears the 60-cycle reso¬ 
nance point, the reactive voltages may 
become so large that you must change the 
multimeter to the 1500 VAC range. When you 
have completed this series of steps, remove 
the line cord from the a-c outlet and dis¬ 
charge the capacitors. 

Step 16. Locate the resonance point by 
examining the reactive-voltage and line- 
current readings recorded in Table A. 

Information. At resonance, the line cur¬ 
rent and the resistor voltage are maximum, 
while the voltage across the combination of 
capacitor and inductor is minimum. A typical 
set of readings near resonance is shown in 
Table B. Your readings may not necessarily 
be close to those shown in Table B or to 
the complete set shown in Table D. Be¬ 
cause of the large variations in iron-cored 
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TABLE B 


Capacity 

Er 

el 

EC 

elc 

/Line 

0.40 /tf 

50 v 

290 v 

325 v 

60 V 

50 ma 

0.45 /if 

55 v 

300 v 

315 v 

50 v 

55 ma 

0.50 /if 

55 v 

305 v 

285 v 

50 v 

55 ma 

0.55/if 

50 v 

280 v 

250 v 

60 v 

50 ma 


components, differences in readings of 
much more than +20% may be expected. As 
long as the principle of resonance is demon¬ 
strated, you may consider your experiment 
successful. 

Note that the line current and the voltages 
across the resistor and across the LC com¬ 
bination show no change at either the 
0.45-ptf or 0.50-/if steps. This shows 
that resonance has been passed through, 
and that the resonant point is some¬ 
where between 0.45 /tf and 0.50 /if. 
Using the figures obtained from your 
measurements, you can determine be¬ 
tween what two 0.05-/if steps resonance 
occurs. Then you can find out exactly where 
resonance does occur. You can do this by 
starting at the lower of the two 0.05-/if 
steps and add only 0.01 /if for each step 
until you pass through resonance again. 
When this experiment was performed in our 
lab, resonance was passed between the 0.45- 
and 0.50-/if steps (as you saw in Table B). 
The lower of the two steps was 0.45/if; and 
it was from this point that we added 0.01 
/if in Step 15. 

Step 17. When you have found between 
what two 0.05-/if steps resonance was 
passed in your experiment, note how much 
capacity was in the circuit at the lower 
0.05-/if step. Start by adding 0.01 /if to this 
capacity and measure and record the volt¬ 
ages and current as before. Continue adding 
0.01-/if capacity and recording measure¬ 
ments for four more steps (5 steps alto¬ 
gether). Enter the first of these new readings 
on line 14 of Table A and record the others 


below it. In each 0.01-/if step, record the 
amount of total capacity in the circuit in the 
Total Capacity column in the same table. 

Step 18. Plot the values of line current 
(I L I NE ) against capacity on the graph paper 
provided in Fig. 16—5. Instructions for plot¬ 
ting graphs from a table of data (facts or fig¬ 
ures) are given at the end of this lesson. 
Refer to these instructions if you do not 
know how to p lot your graph. 


Step 19. Calculate the impedance of the 
inductance at resonance: 


Voltage across inductor 
Line Current 


e l = 4*0 * 

~T 

- s%oo 


Step 20. Calculate the impedance of the 
capacitor at resonance: 


Voltage across the capacitor Er 

Zr = - - = —i- 

u Line current / 

= 12% is t,%00 SL. 

.069 

Step 21. Calculate the impedance of the 
inductance and capacitance in series at 
resonance: 


Z LC 


Voltage across LC combination 
Line Current 


elc £2-* 

~ \o(o9 


fUlim* 7 


S : st- 
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EXPERIMENT 16-2. 

To study the effect that resistance has or 
the sharpness of the resonance curve of e 
series-tuned circuit. 


connect the bare wire connecting all the 
capacitors together on one side. 


Step 3. Reconnect the clip lead to a 0.05- 
,ui capacitor. 


Step 1. Make sure that the line cord is 
disconnected from the a-c outlet and that the 
capacitors are discharged. 

Step 2. Remove all jumper leads that con¬ 
nect the capacitors in parallel. Do not dis- 


Step 4. Disconnect the lead at lug 4 on the 
capacitor board and connect it to lug 6 on 
the board. 


Step 5. Solder the 1,000-ohm 2-watt resis 
tor to lugs 5 and 6 on the capacitor board. 



,0S .10 ,15 .20 .is .30 Fig ..J& 5 .46 .45 .50 .55 vfoO 

CAPACITY \v\ 
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Step 6. Solder a short lead to lugs 4 and 5 
on the capacitor board. 

Step 7: Check your wiring with Fjg. 16-6 
and then plug the line cord into the a-c 
outlet. 

Step 8. Measure the voltage across one 
of the 1,000-ohm resistors, across the capac¬ 
itor, across the inductor, and across the 
capacitor and inductor in series. Record the 
measurements in Table C. Record / LINE - 

Step 9• Repeat Step 8 for all the capacity 
values called for in the second column of 
Table C. Follow the instructions in the first 
column of the table to obtain these capacity 
values. 

Step 10. After locating the approximate 
resonant point, go through the resonant point 
in 0.01 yt-f steps as described in Steps 16 
and 17 of Experiment 16-1. 


Note: The resonant point will be slightly 
different from that found in Experiment 16-1. 
This is because the additional 1,000 ohms 
of resistance has reduced the current in the 
circuit, and the inductance of the iron-core 
choke becomes higher. So, resonance will 
probably occur at a lower value of capacity. 


Step 11. Plot the graph of line current 
against capacity for this experiment, using 
the same sheet of paper on which the curve 
for Experiment 16-1 was plotted. Label 
each curve witfi the value of the series re¬ 
sistance with which it is related. 


DISCUSSION 

These first two experiments illustrate the 
effects of resonance in a-c series tuned cir- 
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cuits. The measurements that were recorded 
for these experiments when they were per¬ 
formed in our lab are shown in Tables D and 
E. Table D shows the data taken with 1,000 
ohms of series resistance, and Table E 
shows the data taken with 2,000 ohms of 
series resistance. Your figures may not be 
exactly like those shown in the tables; they 
are given only so that you may know what to 
expect in the way of readings so you can 
tell whether or not you are on the right tra^k. 

Your experimental results should show 
these important points about a series-tuned 
circuit at resonance: 

1. The line current is at its maximum 
value. 

2. The circuit impedance is at its mini¬ 
mum value. 

3. The voltage across the inductor and 
capacitor combined is at its minimum 
value. 

4. The sharpness of the series-resonance 
curve depends upon the resistance in 
the circuit: the lower the series resis¬ 
tance, the sharper is the resonance 
curve. 

Resonance occurs in a series circuit be¬ 
cause the voltage across the capacitor and 
the voltage across the inductor are almost 
180 degrees out of phase. (They are never 
exactly 180 degrees out of phase due to the 
resistance contained within the inductor.) 
Being almost exactly opposite, the voltages 
across the inductor and capacitor cancel 
each other, as shown by the fact that the 
voltage readings across the capacitor and 
inductor combined (E lc) are minimum at 
resonance. This voltage is actually the 
vector sum of the inductive voltage and the 
capacitive voltage. Because there is always 
some voltage drop due to the resistance of 
the inductor, the vector sum of the reactive 
voltages cannot ever be zero. However, it 
becomes minimum at resonance. As a result, 
the impedance of the circuit is minimum and 
the current in the circuit is maximum. Also, 
because the current is high, the voltage drop 
across the inductor and across the capacitor 
is very high, and is equal tothe current times 


the reactance; or, Q times the line voltage. 
At resonance, the voltage across the induc¬ 
tor almost equals the voltage across the 
capacitor. However, the voltage across the 
capacitor is at its highest value when the 
circuit is slightly off resonance, when the 
capacity is slightly smalle r than the value 
required for resonance. 

As your curves should show, the sharpness 
of resonance depends upon the amount of 
resistance in the circuit. Putting additional 
resistance in seties with the circuit reduces 
the maximum current that flows, and reduces 
the sharpness of resonance. Typical curves 
for this experiment are given in Fig. 16-7. 
When comparing the sharpness of resonance 
of the two curves, disregard the fact that the 
resonant point has also shifted (due to the 
lower current in the iron core inductor, the 
inductance increased and resonance was 
obtained with less capacitance). 

EXPERIMENT 16-3 

To study the action of inductance and 
capacitance in producing resonance in a 
parallel tuned a-c circuit. 

Procedure. 

Step 1. Remove all jumper leads that con¬ 
nect the capacitors in parallel. Do not re¬ 
move the bare wire connecting all the ca¬ 
pacitors together on one side. 

Step 2. Unsolder the 1,000-ohm resistor 
from lugs 5 and 6 on the capacitor board. 

Step 3- Remove the lead between lugs 4 
and 5- 

Step 4. Unsolder the choke lead from lug 
6 on the capacitor board and solder it, in¬ 
stead, to lug 1. 

Step 5. Remove the alligator clip from 
choke terminal lug 2 and connect it to lug 4 
on the capacitor board. - Connect the other 
alligator clip to one of the 0.05- jxi capacitors. 

Step 6. Solder a lead from lug 4 on the 
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TABLE D 

SERIES CIRCUIT WITH 1,000 OHMS RESISTANCE 



P oral hi 

Capac if on 

Total 

Capacity 

e r 

£ l 

*C 

e lc 

'line 

(calculated 

1. 

Start with 0.03 fit 

0.05 fif 

2.5 

20 

130 

no 

2.5 

2 ' 

Remove 0.05 /Xf, 
use 0.1 /Xf 

0.1 flf 

5.5 

52 

/50 

/0 9 

5.4 

3. 

Use 0.1 /X| in paral¬ 
lel with 0.05 M* 

0.15 flf 

10.6 

85 

/90 

106 

fO. 6 

4. 

Use two 0.1 /if 
'capacitors in parallel 

0.20 flf 

/ 6 

J25 

225 

105 

16 

5. 

Remove all capaci¬ 
tor., uic 0.25 fit 

0.25 fit 

30 

2oo 

295 

95 

30 

6. 

Add 0.05 fit ia 

0.30 flf 

37.5 

2 50 

3/0 

80 

37.5 


Remove 0.05 fit, add 

0.1 fit to 0.25 flf 

0.35 fit 

55 

280 

335 

70 

45 

8. 

Add 0.05 flf 

0.40 fit 

50 

2 90 

325 

60 

50 

9. 

Remove 0.05 fit, 
add 0.1 fit 

0.45 fit 

55 

300 

3/S 

50 

55 

10. 

Add 0.05 flf 

0.50 flf 

55 

305 

285 

50 

55 

11. 

Add 0.05 Mf 

0.55 flf 

SO 

280 

250 

60 

50 

,2. 

Add 0.05 M* 

0.60 fit 

50 

255 

175 

QO 

40 

13. 

Add 0.05 flf 

0.65 flf 

33 

205 

135 

90 

33 



APPROACHING 

RESONANCE 



D 

Add 0.01 flf 


55 

300 

3/0 

49 

55 

B 

Remove 0.01 Mi* 
use 0.02 fl( instead 


56 

300 

305 

47 

56 


Add 0.01 fit 

O. 48* f 

57 

300 

3oo 

45 

57 

1 

Remove 0.01 flf, 
ate 0.02 instead 

0.47 

56 

30S 

2 95 

47 

56 

1 

Add 0.01 fit 

0.50V/ 

55 

3 os 

285 

50 

ss 


CL/wg /JO .„i t . 
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TABLE E 

SERIES CIRCUIT WITH 2,000 OHMS RESISTANCE 


Parallel 

Capacitors 

Total 

Capacity 

E R 

e l 

E c 

e lc 

'line 

(calculated 
in m.) 

Start with 0.05 M f 

0.05 Mf 

2.5 

1? 

IOV 

no 

2.5 

Remove 0.05 ML 
use 0.1 pit 

0.1 Mf 

5.1 

*/ 

J50 

/07 

5.2 

Use 0.1 pit in paral¬ 
lel with 0.05 

0.15 Mf 

/o.z 

80 

teo 

/02 

10.2 

Use two 0.1 /Xf 
capacitors in parallel 

0.20 Mf 

15 

/ 20 

2/0 

97 

/5 

Remove all capaci* 
tors, use 0.25 /xf 

0.25 Mf 

25 

175 

250 

75 

25 

Add 0.05 /xf *** 

parallel 

0.30 Mf 

3/ 

2/0 

253 

55 

3/ 

Remove 0.05 ML «dd 

0.1 Ml to 0.25 Mf 

0.35 Mf 

35 

230 

255 

*5 

35 

Add 0.05 M< 

0.40 Mf 

36 

235 

230 

36 

36 

Remove 0.05 /xf, 
add 0.1 /Xf 

0.45 Mf 

3* 

230 

/ 95 

4*5 

3* 

Add 0.05 Mf 

0.50 Mf 

30 

220 

/70 

55 

30 

Add 0.05 Mf 

0.55 Mf 

27 

2 OS 

/*0 

65 

27 

Add 0.05 Mf 

0.60 Mf 

25 

/80 

ns 

75 

25 

Add 0.05 Mf 

0.65 Mf 

25 

no 

I/O 

80 

25 


APPROACHING RESONANCE 


Add 0.01 Mf 

0.36*7 

35.5 

233 

350 

*3 

35.5 

Remove 0.01 /Xf, 
use 0.02 /Xf instead 

O. 3 7«f 

36 

235 

2*5 

no 

35 

Add 0.01 Mf 

0.3 8*7 

36.5 

235 

2*0 

38 

36.5 

Remove 0.01 /Xf, 
use 0.02 instead 

0.3 

37 

235 

235 

37 

37 

Add 0.01 Mf 

0.*0*7 

36 

235 

230 

38 

36 


E LINE ItQ . Toit. 





capacitor board to lug 2 on the choke ter¬ 
minal strip. 

Step 7. Check your wiring against Fig. 
16-8. If it is correct, connect the line cord 
to the a-c outlet. 

Step 8. Measure the line voltage, the volt¬ 
age across the 1,000-ohm resistor, and the 


voltage across the parallel circuit ( E tank, 
measured across L or C). Record your meas¬ 
urements in Table F. 

Step 9. Repeat Step 8 for every capacity 
value listed in the second column of the 
table. The first column of the table gives 
directions for obtaining each of the capacity 
values called for in the first column. 
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Step 10. Locate the resonance point by 
examining the readings that you have re¬ 
corded in this experiment. 

Information. To locate the resonant point 
in a parallel-tuned circuit, you have only the 
current to guide you. Let us examine a typi¬ 
cal set of readings recorded in our lab (Table 
G). Only the current readings taken near 
resonance are shown in the table. 

Note that as capacity is added, the current 


first decreases and then increases. We know 
that in a parallel tuned circuit, the current is 
minimum at resonance. Looking at the fig¬ 
ures in Table G, we can see that the circuit 
has passed through resonance. 

But just exactly where is the resonant 
point? Is it between the 0.30-/xf and 0.35-Mf 
steps, as shown in Fig. 16-9«? Is it between 
the 0.35-^f and 0.40-/u.f steps, as shown in 
Fig. 16-9&? 

: F 
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Or is it exactly at the 0.35-/if step, as shown 
in Fig. 16-9e? We do not have enough meas¬ 
urements to tell. All that we know is that 
resonance occurs somewhere between the 
0.30-/if and 0.40-/if steps. If you recorded 
similar measurements in Steps 8 and 9, you 
have this problem. 

To locate the resonant point more closely, 
smaller changes in capacity must be made 
between the 0.30-/if and 0.40-/if steps, as 
were made in the series resonance experi¬ 
ments. You could start at the 0.30-/if step 
and add capacity in 0.01-/xf steps until you 
reached 0.40-/if. However, this won’t be 
necessary. If you add O.OT/if to the total 
capacity in the circuit at the step with the 
lowest current reading (0.35 /if in our case), 
you can tell between which steps you must 
take further measurements. Let’s see why 
this is so. Our lowest current reading was 
at the 0.35-/if step. If we add 0.01 /if to 


TABLE G 

Capacity 

Current 

0.30/if 

3.8 ma 

0.35 /if 

3.4 ma 

0.40 /if 

4.9 ma 


In this case, resonance must be between 0.30 
/if and 0.36 /if. 

Step 11. Add 0.01 /if to the capacity in the 
circuit at the step that gives the lowest line- 
current reading and take the usual readings, 
if the line current decreases, record your 
readings on line 14 of Table F, and continue 
taking measurements in 0.01-/if steps until 
you reach the next 0.05-/if step. Record these 
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(a) (b) 

Fig. 16-9 

measurements on lines 15 through 18 of Table 
F. However, if the line current rises with the wi 
addition of the first 0.01-/xf increase, remove si 
this 0.01-/U.f and one of the 0.05*/U-f capaci¬ 
tors. Then, starting at the next lower 0.05-fH 
step, add capacity in 0.01-/xf steps, take your K 

readings and record them on lines 14 through 
18 of Table F. Be sure to record the capaci- T 

ty in the circuit for each of these steps in 
the second column of the table. 


Step 13. Insert a 100-ohm resistor in series 
with the capacitive branch of the circuit, as 
shown in Fig. 16-10. 

Step 14. Measure the voltage across the 
100-ohm resistor (£rc) and enter this volt¬ 
age in the place provided at the bottom of 
Table F. 


Step 12. After you have determined, as 
closely as possible, the amount of capacity 
that produces resonance, remove or add ca¬ 
pacity to the capacitive branch until you 
again have this exact amount of capacity. 



laoipf \oo5pf\o 25pf resistor 







Step 15. Calculate the current in the ca¬ 
pacitive branch of the circuit: 

IS 

-c ~ C - IS .. 


Step 17. Calculate the impedance of the 
tank circuit at resonance: 


Enter this current in the place provided at 
the bottom of Table F. 

Step 16. Plot the values of current against 
capacity on the graph paper provided in Fig. 
16-11. 


Discussion. This experiment shows the 
effects of resonance in parallel tuned cir¬ 
cuits. The voltage readings that we obtained 
in our labs for this circuit are shown in 
Table H, and the curve plotted from these 
results is shown in Fig. 16^12. Your readings 
and curve will probably not be the same as 
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TABLE H 

PARALLEL TUNED CIRCUIT 


Parallel Capacitors 

Total Capacity 

Er 

Efank 

•line (mo) 

tart with 0.0$ fit 

0.05 fit 

/z 

/OS 

(Z 

emote 0.05 ML use 0.1 fit 

0.1 fit 

10.5 ^ 

/os 

10.5 

dd 0.05 

0.15 fit 

8.5 

IO(o 

&.S 

emote 0.05 fit, mdd 0.1 fit 

0.20 fit 

69 

/o& 

<o. 9 

emote mil capacitors, uae 0.25 

0.25 fit 

*.6 

/C7 

H-.G 

dd 0.05 fit 

0.30 fit 

3.8 

107 

3.8 

emote 0.05 fit, add 0.1 fit 

0.35 fit 

3 

/ 07 

3. H' 

dd 0.05 fit 

0.40 fit 

*.3 

/ 07 

+■9 

emote 0.05 fit, add 0.1 fit 

0.45 fit 

G.C 

106 

G. 6 

dd 0.05 fit 

0.50 fit 

8.7 

/os 

8.7 

idd 0.05 fit 

0.55 fit 

10.8 

/ 05 

10.8 

Idd 0.05 fit 

0.60 fit 

13.0 

/os 

13.0 

Add 0.05 fit 

0.65 fit 

/S.O 

/os 

IS.o 


APPROACHING RESONANCE 


Add 0.01 fit 

0.31 A»f 

3.S 

107 

Z.S 

Remove 0.01 /Af, add 0.02 /Xf 

O-iZyUf 

3.3 

/ 07 

3.3 

Add 0.01 fit 

0 33 AJf 

3,2. 

/o~/ 

3.7. 

Remote 0.01 fit, add 0.02 fit 

0 

3.3 

707 

3.3 

Add 0.01 fit 

0.35 AS f 

3.^ 

107 

3.Y 


EUNE IIP ESC / 26 T „lt,. / C 





these; they are given only so that you will 
have some idea of what your results should 
be like. 

Your measurements and plotted curves 
illustrate the following important points re¬ 
garding a parallel a-c circuit containing in¬ 
ductance and capacitance when it is at re¬ 
sonance: 


1. The line current is at its minimum. 

2. The impedance of the tank circuit is at 
its maximum value, and is much higher than 
the impedance of either the inductive branch 
or the capacitive branch. 

3. The line current is less than the current 
in either of the branches. 
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4. The voltage across the parallel circuit 
is at its maximum. 

Resonance occurs in parallel a-c circuits 
containing inductance and capacitance be¬ 
cause the current taken by the inductive 
branch is opposite in phase to the current 
taken by the capacitive branch of the circuit. 
Because of this phase relationship, current 
for the capacitor is supplied by the energy 
stored in the inductor, and current for the 
inductor is supplied by the energy stored in 
the capacitor. As a result, the parallel cir¬ 
cuit, at resonance, accepts very little current 
from the line. This is what makes its im¬ 
pedance very high, and accounts for the 
fact that the line current is less than the 
current in the branches. 

In a parallel circuit containing perfect in¬ 
ductors and capacitors, the current taken by 
the inductive branch would be exactly equal 
to the current taken by the capacitive branch, 
and the currents would also be exactly 180 
degrees out of phase. In this case, no current 
would be taken from the line, and the im¬ 
pedance of the parallel circuit would be in¬ 
finite. However, because of the fairly high 
resistance in the filter choke, and the slight 
resistance in the capacitor, these currents 
can never be exactly equal, and they can 
never be exactly 180 degrees out of phase. 
The current taken by the two branches does 
not cancel out, and some current is taken 
from the line. It is very small, as your mea¬ 
surements will show, and the impedance of 
the parallel circuit is very high. This ex¬ 
change of energy between the inductor and 
the capacitor in a parallel-tuned circuit is 
extremely important in almost every part of 
radio and electronics, as you will see when 
you progress further in your studies. 

PLOTTING GRAPHS 

Tables of figures such as the one shown 
below are not easy to understand at a glance. 
It is much easier to see the story told by the 
figures when they are plotted in the form of 
a graph. In a previous lesson, you learned 
how to read a graph . Now let us see how to 
take a table of figures or data from an ex¬ 
periment and prepare a graph from them. 


TABLE 1 

Time 

Distance 

0 sec 

0 feet 

1 sec 

4 feet 

2 sec 

6 feet 

3 sec 

14 feet 

4 sec 

26 feet 

5 sec 

50 feet 


Table 1 shows the results of measure- 
surements taken to find out the distance 
covered by a certain automobile in a certain 
amount of time. The measurements were 
taken at the end of each second, and the 
distance from the starting point is given in 
the table for each second up to five seconds. 
How do we go about transforming this table 
of figures into a graph? You know that one 
of the quantities, time for instance, is mea¬ 
sured off along one of the axes, and the 
other quantity, distance, is measured off 
along the other axis. But shall we use the 
horizontal axis for the time and the vertical 
axis for distance, or the other way around? 
By long established convention, the inde¬ 
pendent variable is measured off along the 
horizontal axis. The independent variable 
is the one over which you have complete con¬ 
trol and can select in advance in any way 
that you wish. For example, if you were 
standing with stop watch in hand to measure 
the distance covered by a certain auto¬ 
mobile, you could make your measurements 
at the end of every half-second, or at the 
end of every second, or every two seconds, 
or in any way that you wished. The choice 
is entirely up to you, making time the inde¬ 
pendent variable. Time is therefore mea¬ 
sured off along the horizontal axis, as in 
Fig. 16-13. But, the distance traveled by 
the automobile depends on how long it has 
been moving. In this case, the distance de¬ 
pends upon the time, and the time does not 
depend on the distance. The distance i* 
therefore called the dependent variable, 
and it is measured off along the vertical 
axis, as in Fig. 16-13. 

The next thing that we must decide on is 
the scale to use for the graph. The scale 
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time in seconds 
(independent variable) 

Fig. 16-13 


depends upon the numbers that we have to 
plot, and the size and type of graph paper. 
The piece of graph paper that we are going 
to use is shown in Fig. 16-14. It has ten 
spaces across. Since our data covers five 
seconds, divide the number of seconds by 
the number of spaces, which gives or, in 
1. seconds = y 2 second per space 

other words, 2 spaces per second, as shown 
in the figure. The distance covered is going 
to be measured off along the vertical axis. 
Here there are twenty spaces vertically for 
the graph. The data covers fifty feet, so that 
50 feet 

2 q =2.5 feet per space 
or, in other words, every two spaces represent 
five feet, as shown in the figure. 


Now that the axis for the graph are la¬ 
belled and marked off in the proper units, we 
can begin tc plot the graph. At zero time, the 



time in seconds 



Fig. 16-15 

distance is zero, and that gives point a on 
our graph, as shown in Fig. 16-15. After one 
second, the distance traveled is four feet. 
To plot this point, find four feet on the verti¬ 
cal axis. This point is not labelled on the 
axis, so you must estimate where four feet 
is along the distance from zero to five. Hav¬ 
ing located this point, draw a line horizontal¬ 
ly across until it intersects (cuts across) the 
line that is coming up from one second. The 
intersection of these two lines is the point 
representing four feet at one second, and it 
is labelled b on the graph. In the same way, 
the rest of the points are plotted, as shown 
in the figure. 


After ail the points have been plotted, 
they must be connected in order to complete 


m 


a 






time in seconds 
Fig. 16-16 


Fig. 16-14 
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0 1 2 3 4 5 

time in seconds 

Fig. 16-17 

the graph. One way of connecting the points 
is with straight lines, as shown in Fig. 16- 
16. However, our experience tells us that 
this cannot be right, because unless you 
pump your foot up and down on the gas pedal, 
the automobile does not move in jerks as the 
graph now seems to show. The correct way to 
connect the points of most graphs is with a 
smooth curve, as shown in Fig. 16-17. 
(Smooth curves are used to connect the points 
unless we have reason to believe, from the 
nature of the experiment, that in between the 
points the change does not come about in a 
smooth manner.) Notice also that the curve 
does not pass right through points b and c. 
If there are any points, such as b and c, that 
cannot be connected by a smooth curve, the 
curve should not be distorted in order to make 
it pass through those points. Instead, the 
curve should be made to take the average 
path between the points as shown in the fig¬ 
ure. The reason that points b and c lie off 
the curve is probably because of some error 
in the instruments used or in making the read¬ 
ings. Thus, by drawing a smooth curve be¬ 
tween these points, this error is minimized. 
However, these points are never erased, but 
leftonthe graph as shown in Fig. 16-18, even 
though the curve does not pass through them. 
This is done so that there is a record of the 
original points obtained by measurement, and 


0 12 3 4 5 

time in seconds 

Fig. 16-18 

when you look at this graph at some later 
time, or when someone else looks at your 
graph, it will be clear what has been done. 

Having finished your graph, notice how 
much easier it is to read than the column of 
figures. The graph shows at a glance how the 
automobile starts off very slowly and then 
gradually picks up speed once it has started 
moving. 

Now let us apply what you have learned 
about plotting of graphs to the plotting of re¬ 
sonance curves from the data obtained in this 
experiment. Since you select the capacity at 
which the measurements are taken, capaci¬ 
tance is plotted as the independent variable 
along the horizontal axes. Using the principles 
just described, label your axis and decide on 
the scale you will use for capacity and the 
scale you will use for current. Plot on the 
same sheet the data taken with the 1,000- 
ohm resistor and the 2,000-ohm resistor. When 
you have finished you can compare your graph 
with the one shown in Fig. 16-7. They may 
not look the same, since you may have slight¬ 
ly different current readings, and you may set 
up a different scale that the one given. But if 
you have done it correctly, the general shape 
of the graph will be the same, and the story it 
tells will be the same! 















